Background Sudden infant death syndrome (SIDS) is the unexpected death of an infant that remains unexplained after a thorough investigation of the circumstances, family history, paediatric investigation and complete autopsy. In Western society, it is the leading cause of post-neonatal death below 1 year of age. In the Netherlands, the SIDS incidence is very low, which offers opportunities to assess the importance of old and new environmental risk factors. For this purpose, cases were collected through pathology departments and the working group on SIDS of the Dutch Paediatrician Foundation.
Introduction
Sudden infant death syndrome (SIDS) is the sudden and unexpected death of a child below 1 year of age that remains unexplained after a thorough investigation of the circumstances, family history, a paediatric examination and a full autopsy [12] . Over the last 20 years, several risk factors for SIDS were discovered such as male gender, premature birth, prone sleeping, fluffy/stuffed bedding and tobacco smoking of the parents, whereas breastfeeding, room sharing, sleeping sack and dummy use were found to have a protective effect [1, 4, 9-11, 13-15, 21, 23, 24] . It is assumed that prematurely born children are more vulnerable because some organ systems are not fully developed yet [10] ; prone sleeping and fluffy/ stuffed bedding pose the risk of CO 2 rebreathing, which results in low oxygen levels and eventually death [12] ; the risk of tobacco smoke for young children is often interpreted as harmful to the development of the unborn child when the mother smokes during pregnancy [1, 4, 10, 11, 15, 21] . In many Western countries, education programmes and campaigns were started after several environmental risk factors of SIDS were discovered, most importantly prone sleeping. These programmes resulted in a strong decline of SIDS [1, 4, 17] , supporting the idea that those factors are contributing causally to SIDS.
The Netherlands has the lowest incidence of SIDS in the Western world with 0.078 per 1,000 living births in 2007 [7] . However, autopsy is not always performed [9, 14] . Thus, this rate is likely to be an overestimation and would be lower if international criteria for SIDS [12] were applied more strictly. On the other hand, cases in which a certain diagnosis is assumed without an autopsy might actually be SIDS. The incidence of SIDS in the Netherlands declined dramatically after acknowledgement of prone sleeping as a risk factor in 1987 and inclusion of this knowledge in the national parental education programme ( Fig. 1 ) [9] . However, after 20 years of educating parents, about 15 young infants still die suddenly and unexpectedly every year without any explanation after a careful investigation of circumstances and paediatric and pathologic investigations. In an effort to better understand the aetiology, we designed a retrospective Dutch case-control study. Previously, we conducted a histology review (Liebrechts-Akkerman et al., submitted for publication) on the cases used in this study, allowing us to define four subcategories of SIDS, which were tested here for specific environmental risk factors.
Patients and methods

SIDS cases collection and inclusion criteria
We collected 200 cases classified as SIDS by pathologists dating from 1984 up until 2005. Case collection methods have previously been published as was the histological review of the cases (Liebrechts-Akkerman et al., submitted for publication). In summary: firstly, a computer-based search using the national pathology registry (PALGA) was performed [6] ; secondly, the Dutch Paediatrician Association (Landelijke Werkgroep Wiegendood, LWW) was asked to provide an anonymous list of all reported cases that were autopsied across the Netherlands between 1996 (the year the LWW was founded) and 2005. Subsequently, all pathology departments involved, including that of the Netherlands Forensic Institute, were contacted. Therefore, almost all SIDS cases recorded in the Netherlands after 1996 that have been autopsied are included in this study. Unfortunately, no data exist on the total number of autopsied cases before 1996. Parental education campaigns at well baby clinics, to inform parents on prone sleeping as major risk factor, started in 1987; therefore, all cases before 1987 (n=19) were excluded. Unlike the internationally accepted definition for SIDS, which uses a range from 3 weeks up to 1 year [12] , LWW accepts an age range from birth up to 2 years [9] . To be able to compare our findings with those of other studies and because we found bronchopneumonia in all cases of babies who died before 1 week of age (Liebrechts-Akkerman et al., submitted for publication), we excluded all cases of babies younger than 1 week and over 1 year of age (36 cases). Finally, the cases in which we found a reasonable cause of death during histological review (Liebrechts-Akkerman et al., submitted for publication), other than infection, which is allowed in the SIDS II category [12] , were also excluded (an additional three cases, causes of death were metabolic disorder and aspiration). This left 142 cases for analyses. The environmental data used were derived from anonymous pathology reports and anonymous questionnaires filled in at structured interviews with the parents by LWW (57.7%). The mean time between time of death and the interview was 42 days. This study was carried out with appropriate ethical approval as described previously (Liebrechts-Akkerman et al., submitted for publication). 
Sampling of controls
The control group was provided by the Netherlands Paediatric Surveillance Unit and consisted of 2,913 infants between 0 and 35 months of age from across the Netherlands. The interviews, which were held between November 2002 and April 2003 at well baby clinics, aimed infants till up to 6 months of age; however, 34 exceeded 1 year of age. The data were previously used for a surveillance of SIDS risk factors in the Netherlands [22] . All controls younger than 1 week and older than 1 year of age were excluded (n=72).
Statistical analysis and definitions of risk factors
The relationship between risk factors and SIDS was estimated by logistic regression analysis; all covariates were adjusted by means of multivariate analysis, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. The following factors were included in the multivariate analysis: gender, sleeping position, premature birth (pregnancy duration <38 weeks), breastfeeding, prenatal maternal and postnatal parental smoking, ethnical origin and education level of the parents. Sleeping position was divided in non-prone sleeping (indicator) and primary and secondary prone sleeping, respectively. Primary prone means being put to sleep in prone position, and secondary prone means being put to sleep in any other position and subsequently found prone. The controls were asked about the usual and last night's sleeping habits; the later was used in this study. Postnatal parental smoking was divided in no postnatal parental smoking (indicator), one parent smoking and both parents postnatal smoking in the first analysis, and in the second analysis maternal and paternal postnatal smoking were treated as separate covariates. Ethnic origin of the parents was divided in both parents being European (indicator), one parent being European and both parents being non-European. Breastfed babies in the case group were usually still being breastfed when they died; therefore, the influence of the duration of breastfeeding could not be established. Having started breastfeeding was taken as a binary factor in the analysis. The education level of the parents was divided into both highly educated (indicator), one highly educated and none highly educated. A parent was considered as not highly educated if he/she had only attended (between brackets the Dutch counterpart): elementary or primary school (basisschool), secondary education or junior high (MAVO/LBO), community college (MBO). A parent was considered highly educated if he/she had attended: secondary education A levels/grammar school or high school (HAVO/ VWO); bachelor studies or college (HBO); university-master degree or higher (WO). The analysis were repeated on categories according to our histological findings (Liebrechts-Akkerman et al., submitted for publication):
genuine SIDS, no findings that might have had an influences on survival; SIDS with minor infections, e.g. laryngitis, urine bladder infection, etc.; SIDS+, a non-infectious disease that might have contributed to death; major infection SIDS, e.g. bronchopneumonia. Finally, the analyses were repeated on four categories defined by year of death: 1987-1990, 1991-1995, 1996-2000, 2001-2005 . For statistical analyses, we used SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL, USA).
Results
All results were obtained from multivariate analyses, which included 142 cases and 2,841 controls. There was no statistically significant difference in age between cases (mean 140 days ; SD 78.5) and controls (mean 99 days ; SD 51.1) when considering all SIDS cases together compared to the controls. No differences in the male-female ratio were observed (p-value ranging from 0.19 to 0.99; Tables 1, 2 Prone sleeping position was the most significant risk factor for SIDS in our study (p-value <0.001 in all analyses; OR for primary varying from 14.4 up to 49.9; OR for secondary varying from 80.9 till 173.8; Tables 1,  2 (Tables 2 and 3 All analyses were first repeated on two of the four histological subgroups previously defined (LiebrechtsAkkerman et al., submitted for publication): genuine SIDS (no findings that had any influences on survival, n=100) and minor infections (e.g. laryngitis, urinary bladder infection, etc., n=28) (Tables 4 and 5 ). SIDS+ (nonnumber. No statistically significant association was found between gender, lack of breastfeeding, parental education or ethnical origin and any of the histologically defined SIDS subgroups. Prone sleeping position, either primary or secondary, was significant in both subgroups (OR varying between 14.4 and 49.9 for primary and between 100.0 and 173.8 for secondary prone sleeping, p-value <0.001) as was smoking of both parents (OR=5.0, p-value=0.007 and OR= 6.8, p-value=0.05, respectively; Table 4 ). In contrast, Table 3 Association of SIDS (n=50) with covariates compared to healthy Dutch controls (n=2,438); included were only cases and controls where it was reported that no maternal prenatal smoking is involved. P-values and odds ratios for entire case group. P-values calculated with two-tailed Fishers' exact test, OR and 95% CI for OR of the binary logistic regression of all covariates. Prone sleeping 1 is primary prone sleeping; prone sleeping 2 is secondary prone sleeping; supine sleeping is indicator. Education parents 1 is both low; education parents 2 is one low; both high educated is indicator. Ethnical origin parents 1 is one European Caucasian, one nonEuropean Caucasian; ethnical origin parents 2 is both non-European Caucasian; both European Caucasian is indicator Table 6 ).
Discussion
Several risk factors for SIDS have been discussed for over 20 years [1, 4, 9-11, 13-15, 21, 23, 24] , including prone sleeping, premature birth, male gender, the lack of breastfeeding and parental smoking. In the present retrospective study, we have conducted a case-control study with SIDS cases and healthy controls from the Dutch population and estimated the association of these environmental factors with this phenotypic trait. Our dataset comprises a considerably large number of cases and valuable information about parental socio-economic status. However, despite our efforts, information on all considered risk factors for all the cases was often incomplete (Table 8) . Furthermore, SIDS cases were collected over a much broader time period than controls. This could introduce a bias in our results as the number of smoking people has declined over the years and was higher prior to the collection of controls. Nevertheless, we hope to overcome part of this bias by means of a separate analysis on the year quartiles.
Our results showed that some of the previously known risk factors are still significantly associated with SIDS in the Dutch population despite the parental education policy that started over 20 years ago. Prone sleeping of the baby, both being placed prone by the parents or turning in that position, remains the most important risk factor in line with previous knowledge [1, 4, 9-11, 13-15, 21, 23, 24] . The importance of prone sleeping in SIDS is also indicated by the decline of the prevalence of SIDS in the Netherlands after introducing prone sleeping as a major risk factor for SIDS in the parental education programme in 1987 [9, 14] . Furthermore, the prevention system in the Netherlands is incorporated in the culture and does not depend on shortterm projects: consequently, advice against prone sleeping was given to all new parents from 1987 onwards. The continuing parents' motivation to put their child to sleep in prone position in spite of this advice remains a topic of discussion but addressing in detail would be beyond the scope of this study. Our results also suggest that postnatal parental smoking currently poses a major risk factor for SIDS in the Netherlands. In the 1990s, some studies already reported the risk of postnatal parental smoking [5, 16] : however, these findings were criticised because they either inquired after smoking behaviour in the 2 weeks after the child was deceased (instead of the entire life span of the child) or they could not correct for the putative confounding effect of the socio-economic status [19] . Others have shown a doseresponse effect to passive smoking; however, this effect diminished after correcting for maternal prenatal smoking or socio-economic status [14] . In contrast, in the present study, it was clearly asked what the postnatal parental smoking habits were during the life of the child and not the habits at the time of the interview. Because in most other studies the effect of postnatal parental smoking was diminished after correction for prenatal maternal smoking or socio-economic status of the parents [13] [14] [15] 19] , these factors were adjusted for in our multivariate analysis. Maternal smoking is a known risk factor for SIDS and mostly interpreted as a risk for the development of the unborn child caused by prenatal maternal smoking [1, 4, 10, 11, 14, 15, 19, 21] . Our data partly support these previous results as indicated by our finding that postnatal maternal smoking no longer reached statistical significance Table 5 Association of two histological defined categories of SIDS with covariates compared to healthy, age-matched Dutch controls (n= 2,841). P-values and odds ratios for the two largest SIDS categories defined by histological findings; genuine SIDS, no findings that might have had any influences on survival; SIDS with minor infections, e.g. laryngitis, urine bladder infection, etc. P-values calculated with twotailed Fishers' exact test, OR and 95% CI for OR of the binary logistic regression of all covariates. Prone sleeping 1 is primary prone sleeping; prone sleeping 2 is secondary prone sleeping; supine sleeping is indicator. Education parents 1 is both low; education parents 2 is one low; both high educated is indicator. Ethnical origin parents 1 is one European Caucasian, one non-European Caucasian; ethnical origin parents 2 is both non-European Caucasian; both European Caucasian is indicator in the analysis where only the cases and controls that had reported negative for prenatal maternal smoking were included (Table 3 ). In contrast, postnatal smoking by one or both parents and postnatal paternal smoking did remain statistically significantly associated with SIDS (Tables 2  and 3 , which consist of a course on how to motivate and help women quit smoking and materials to support those prospective mothers. This emphasises the role of the Dutch prevention system that educates all prospective and young parents about the risk factors of SIDS, regardless of educational background, ethnicity or other socio-economic confounders. This may also explain the non-significance of those factors in the present study. Our findings are in agreement with those of Blair et al. [3] who have shown an additional effect of postnatal tobacco smoke exposure and a dose-responsive effect that maintained statistical significance after correction for socio-economic status and prenatal maternal smoking. Furthermore, a German study reported that in 43% of examined SIDS cases high levels of nicotine in the hair of the infants was found as a result of long-term postnatal exposure to cigarette smoke [2] . Notably, the American Academy of Paediatrics and the UK Department of Health are not yet convinced of the association between postnatal parental smoking and SIDS [15, 21] . Smoking by the father as risk factor for SIDS is also undervalued in the Dutch parental education programme. In the "sleep safely" checklist [8] that is handed out to young parents, 12 of the 15 items deal with sleeping position and bedding and only one refers to smoking. Our results advocate for a stronger focus on postnatal smoking. We therefore appreciate a recently started campaign to convince parents not to smoke near their children because of several health risks, SIDS being one of them [20] . Another environmental factor detected by our analyses as being associated to SIDS is premature birth. Nevertheless, this variable has been previously linked to other SIDS risk factors such as risk for infections or prone position [9] and shares prenatal maternal smoking as a risk factor with SIDS. The latter is confirmed by our analysis considering those cases and controls where no prenatal maternal smoking was involved (Tables 2 and 3) as premature birth no longer reaches statistical significance in those analyses. Previous research has been inconsistent on lack of breastfeeding being a risk factor for SIDS [21] . With our study, we could not statistically confirm lack of breastfeeding as a risk factor for SIDS, although the raw percentages differ by~20% between cases and controls in the period 1996-2005. Unfortunately, we have little data on this risk factor from our cases (Tables 1 and 8 ). The control percentage of 80% is realistic because for over a decade about 75% of Dutch mothers start with breastfeeding [7] . As far as we know, only one study [13] has previously made a subdivision between SIDS and borderline SIDS based on histological findings. We made a subdivision of all our cases into four subgroups based on histological findings (Liebrechts-Akkerman et al., submitted for publication) to test for the confounding effect of specific risk factors. For instance, prematurely born infants and infants that have postnatal tobacco smoke exposure may be more prone to respiratory infections [19] . This hypothesis is supported by our data; in the small group of SIDS with minor infections (n=28), postnatal smoking by both parents and premature birth are statistically significant, whereas in much larger genuine SIDS group (n=100) only postnatal smoking of both parents reached statistical significance and no association with premature birth was found. Maternal postnatal smoking was borderline significant in the genuine SIDS cases. However, we were unable to determine how premature birth and minor infections relate to one another in increasing the risk of SIDS as we had no information if the controls had any infections or other health issues at the time of interview. Unfortunately, the two additional histological subgroups, SIDS+ and major infection subcategories, were too small to be adequately analysed.
Conclusion
We identified postnatal smoking of the parents as an important risk factor for SIDS after correcting for socioeconomic status and prenatal maternal smoking, with an increasing effect observed when both parents smoked. Furthermore, we demonstrated that postnatal smoking of the father poses a risk for SIDS. Overall, prone sleeping remains as the highest risk factor for SIDS in the Netherlands after more than 20 years of parental education as demonstrated by our data. Our results also highlight the effect of premature birth. However, this study also highlights that parental education on risk factors for SIDS remains a necessary task, even after its introduction decades ago. This should be expanded with an emphasis on avoiding parental smoking, including special attention to postnatal and paternal smoking. The discrepancies between the histologically defined SIDS subgroups and the possible relation between premature birth and minor infections, as indicated here, ask for further research. Finally, the risk factors investigated here do not explain all SIDS cases in our study; thus, more research into additional predispositions and potential covariates not considered in our study (e.g. type of beddings, pacifiers, birth rank, housing, day care) as well as putative genetic factors and their interactions remain necessary. A dedicated study investigating the genetic effects on SIDS in the case group included here is currently on the way.
